Introduction
============

Gastric cancer (GC) is the fourth most common malignancy in the world and remains the second leading cause of death for all malignancies worldwide (738,000 deaths per year) ([@b1-ol-0-0-10943],[@b2-ol-0-0-10943]). China is a large country with a high incidence of gastric cancer. As the early symptoms of gastric cancer are relatively hidden, most patients are diagnosed with advanced gastric cancer, and the treatment effect is generally poor ([@b3-ol-0-0-10943]). The data show that the 5-year relative survival rate of gastric cancer in China is relatively low ([@b4-ol-0-0-10943]). Therefore, it is of great significance to search for molecular biomarkers related to the diagnosis of gastric cancer, explore the regulatory mechanism of molecular signals during the occurrence and development of gastric cancer, and identify therapeutic targets of biological markers that affect its occurrence and development, so as to improve the early diagnosis and prognosis of gastric cancer patients ([@b5-ol-0-0-10943],[@b6-ol-0-0-10943]).

miRNA is a non-coding RNA with a length of 19--25 nucleotides. It is a novel gene expression regulatory molecule that can participate in the occurrence and development of tumors by regulating the expression of many oncogenes or tumor suppressor genes ([@b7-ol-0-0-10943]). It has been previously shown that some miRNAs are closely related to the occurrence and development of gastric cancer. For example, Zhu *et al* ([@b8-ol-0-0-10943]) showed that plasma microRNAs were potential new biomarkers for early detection of early gastric cancer. Li *et al* ([@b9-ol-0-0-10943]) found microRNA-28 promotes the proliferation and invasion of gastric cancer cells through the PTEN/PI3K/AKT signaling pathway. In addition, Peng *et al* ([@b10-ol-0-0-10943]) found that microRNA-494 increases the chemosensitivity of doxorubicin in gastric cancer cells by targeting phosphodiesterase 4D. microRNA-23a (miR-23a) has been shown to be upregulated in non-small cell lung cancer ([@b11-ol-0-0-10943]) and laryngeal cancer ([@b12-ol-0-0-10943]). Previous findings have shown that microRNA-135 (miR-135) is under-represented in non-small cell lung cancer ([@b13-ol-0-0-10943]). However, there are few studies on the expression of miR-23a and miR-135 in gastric cancer and the significance of gastric cancer diagnosis.

At present, serum tumor markers such as CEA and carbohydrate antigen 199 (CA199) are mainly used in the clinical diagnosis of gastric cancer, which has the advantages of short detection cycle and small trauma. However, no tumor marker with strong specificity and high sensitivity has been found to be able to detect tumors early ([@b14-ol-0-0-10943]--[@b16-ol-0-0-10943]). Therefore, the aim of this study was to compare the serum levels of miR-23a and miR-135 in patients with gastric cancer and normal controls, and explored the correlation between the expression level and cancer markers CEA and CA199 in patients with gastric cancer and their diagnostic significance, so as to provide a reference for clinical search for potential molecular markers of gastric cancer.

Patients and methods
====================

### General information

A total of 78 patients with gastric cancer admitted to Dongying People\'s Hospital from July 2015 to June 2017 were selected as the observation group, and 80 healthy individuals in the same period were selected as the control group. There were 52 males and 26 females in the gastric cancer group, aged 41--76 years, with an average age of 51.57±9.19 years. In the control group, there were 55 males and 25 females, aged 43--68 years, with an average age of 51.39±10.17 years. According to the Borrmann classification ([@b17-ol-0-0-10943]), there were 23 cases of type I, 22 cases of type II, 16 cases of type III, and 19 cases of type IV in the observation group. The inclusion criteria were: diagnosis of gastric cancer was confirmed by pathology, and the clinical, imaging and histopathological data were complete; the healthy group was examined in the physical examination center of Dongying People\'s Hospital and the results were normal, without other types of tumors, heart, liver, kidney and other important organ diseases, and no family members had a history of cancer. The exclusion criteria were: patients with immune system diseases; long-term bedridden patients; patients with other malignant tumors; severe hypertension, diabetic, mental and cognitive dysfunction; pregnant or lactation women; using glucocorticoids and antibiotics for up to 2 weeks. Clinical data, including BMI (kg/m^2^), heart rate(time/min), urea nitrogen, age, tumor stage, smoking history, alcohol abuse history, of the two groups were collected and compared.

The study was approved by the Ethics Committee of Dongying People\'s Hospital. All the patients agreed to participate in the experiment and signed informed consent.

### Main instruments and reagents

CA-199 ELISA kit \[Shanghai Jing Kang Bioengineering Co., Ltd., JK-(a)-5894\]; CEARIA and ELISA kit \[Shanghai Jing Kang Bioengineering Co., Ltd., JK-(a)-6071\]; Multi-function microplate reader (BioTek Berten, DLK0001622); desktop high-speed centrifuge (Sichuan Yanke Instrument Co., Ltd., TG-16); PCR instrument (Applied Biosystems; Thermo Fisher Scientific, Inc. 7500); total RNA extraction kit Easy Pure miRNA kit, PCR + reverse transcription kit TransScript Green miRNA Two-Step qRT-PCR Super Mix (TransGenBiotech Co., Ltd., Beijing, China); UV spectrophotometer (Thermo Fisher Scientific, Inc.; Multiskan Sky); qmiR-23a, miR-135 and U6 internal reference primers were synthesized by Shanghai Harling Biotechnology Co., Ltd. ([Table I](#tI-ol-0-0-10943){ref-type="table"}).

### Detection method

Venous blood (5 ml) of two groups collected in the morning was placed in the vacuum collecting vessel and centrifuged for routine separation at a speed of 2,600 × g for 10 min at 4°C. The expression levels of CEA and CA199 in the collected serum samples were determined by ELISA. Blank, sample and standard wells were set up, respectively. The samples were added to the the sample well to be tested, and the standard sample with different concentrations was added to the standard well. The samples were added to the bottom of the well of the enzyme label plate, avoiding touching the wall of the well, then gently shaken and mixed. After sealing the plate with the sealing plate membrane, the samples were incubated at 37°C for 30 min. The 30-fold concentrated detergent was diluted with distilled water 30 times for later use. The sealing plate film was carefully removed, the liquid was discarded, and shaken dry. Each well was filled with the washing solution, and left to stand for 30 sec, then discarded, and repeated 5 times, and patted dry. Enzyme-labeled reagent was added to each well and placed on the sealing plate at 37°C for 30 min, except the blank wells. The sealing film was carefully removed, the liquid was discarded and the film dried. Color reagent A (50 µl) was added in each well, followed by color reagent B 50 µl, gently shaken and mixed at 37°C in the dark for 15 min to develop the color. Termination liquid (50 µl) was added to each well to terminate the reaction. The OD of each well was measured in sequence at 0 and 450 nm wavelength of blank air conditioner, and the determination was carried out within 15 min after the addition of terminating liquid. The calibration curve was drawn and the linear regression equation was obtained. The OD value of the sample was substituted into the equation and the concentration of the sample was calculated.

### miR-23a and miR-135 detected by RT-qPCR

Total RNA in serum was extracted according to the instruction of total RNA extraction kit. The purity of the extracted total RNA was detected by ultraviolet spectrophotometer and the concentration was calculated. Total RNA (2 µl) and reverse transcription were detected as per the instruction manual of the kit for cDNA synthesis. The reaction system was: 42°C for 60 min, 95°C for 5 min, and the synthesized cDNA sample was stored at −20°C for later use. The total volume of 20 µl reaction system was: SYBR-Green PCRP remix 10 µl, upstream primer (10X) 2 µl, downstream primer (10X) 2 µl, dd water (Rnase- and Dnase-free) 5 µl. RT-qPCR reaction conditions were: 90°C for 5 min, 90°C for 5 sec, 60°C for 30 sec, 72°C for 5 sec, total of 40 cycles. U6 was the internal reference gene, and 2^−∆∆Cq^ was used to analyze the data ([@b18-ol-0-0-10943]).

### Statistical analysis

SPSS 22.0 (SPSS Inc.) was used to analyze the data. Enumeration data were described by \[n (%)\], and Chi-square test was used for comparison between groups. Measurement data were expressed as mean ± standard deviation. The t-test was used to compare the measurements between groups. The receiver operating characteristic (ROC) curve was used to evaluate the diagnostic efficacy of miR-23a and miR-135 for gastric cancer. Pearson\'s correlation analysis was used to test the correlation between miR-23a and miR-135 and CEA and CA-199. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of general clinical data

The clinical data of the two groups were collected for comparison, and the results showed that there was no statistical difference between the observation and control groups in BMI (kg/m^2^), heart rate (time/min), urea nitrogen, age, tumor stage, smoking history, alcohol abuse history (P\>0.05), as shown in [Table II](#tII-ol-0-0-10943){ref-type="table"}.

### Comparison of serum miR-23a and miR-135 expression between the observation and control groups

The expression levels of serum miR-23a and miR-135 in the observation group were significantly higher than those in the control group, with statistically significant differences (P\<0.05) ([Table III](#tIII-ol-0-0-10943){ref-type="table"}).

### Comparison of the expression of serum CA199 and CEA between the observation and control groups

The levels of serum CA199 and CEA in the observation group were significantly higher than those in the control group (P\<0.05) ([Table IV](#tIV-ol-0-0-10943){ref-type="table"}).

### Diagnostic value of serum miR-23a and miR-135 in gastric cancer

The ROC curve was drawn for the diagnosis of gastric cancer by the expression levels of miR-23a and miR-135. The results showed that the AUC for the diagnosis of gastric cancer by miR-23a was 0.805 (95% CI: 0.735--0.874), the specificity was 67.95%, the sensitivity was 87.50%, and the cut-off value was 12.500. The AUC of gastric cancer diagnosed by miR-135 was 0.824 (95% CI: 0.758--0.890), the specificity was 73.08%, the sensitivity was 82.50%, and the cut-off value was 3.677 ([Table V](#tV-ol-0-0-10943){ref-type="table"}, [Fig. 1](#f1-ol-0-0-10943){ref-type="fig"}).

### Correlation analysis between serum miR-23a, miR-135 and CA199, CEA in patients with gastric cancer

The relationship between miR-23a and miR-135 in serum and CA199 and CEA was analyzed by Pearson\'s correlation analysis. It was found that miR-23a was positively correlated with the expression of CA199 (r=0.7362, P\<0.001) and CEA (r=0.6839, P\<0.001); miR-135 was positively correlated with the expression of CA199 (r=0.6419, P\<0.001) and CEA (r=0.6710, P\<0.001) ([Fig. 2](#f2-ol-0-0-10943){ref-type="fig"}).

Discussion
==========

Gastric cancer is a relatively common malignant tumor in clinical practice, and its pathogenesis has not been clarified at present ([@b19-ol-0-0-10943]). Many gastric cancer patients have a lack of specificity in the early stage of the disease, and screening for gastric cancer requires biopsy pathology under gastroscopy. This invasive examination can make patients feel more uncomfortable, which leads to a low diagnostic rate of gastric cancer ([@b20-ol-0-0-10943]). Many patients are in the middle and late stages of treatment, and it is often difficult to achieve the desired therapeutic effect ([@b21-ol-0-0-10943]). Therefore, searching for biological indicators that have a strong diagnostic value for gastric cancer is of great significance for improving the prognosis of patients and increasing the survival rate ([@b22-ol-0-0-10943]).

miRNA is a class of non-coding small RNAs with a wide range of biological effects, which participates in the regulation of the expression of various proto-oncogenes and anti-oncogenes *in vivo*, thereby affecting the biological behavior of cell proliferation, invasion and angiogenesis ([@b23-ol-0-0-10943],[@b24-ol-0-0-10943]). Although the current understanding of miRNA function is not very clear, relevant studies have shown that its abnormal expression or mutation is closely related to the occurrence and development of many tumors and the efficacy of some antitumor drugs ([@b25-ol-0-0-10943]), which is a new highlight in the field of tumor biotherapy research ([@b26-ol-0-0-10943]). The levels of serum miR-23a and miR-135 in the observation group were significantly higher than those in the control group. Previous studies have shown that miR-23a is abnormally expressed in gastric cancer. Zhu *et al* ([@b27-ol-0-0-10943]) found that miR-23a is up-regulated in gastric adenocarcinoma and may promote the growth of gastric cancer tissues. Studies on gastric cancer cell line MGC80 showed that the expression of interleukin-6 receptor protein can be reduced by the expression of mRNA-23a, which can promote the growth of gastric adenocarcinoma cell line MGC803. The expression of mRNA-23a in peripheral blood and tumor cells of patients with cancer is increased. Zhou *et al* ([@b28-ol-0-0-10943]) found that miR-135 can promote the growth and invasion of colorectal cancer *in vitro* by transferring inhibitors, while Golubovskaya *et al* ([@b29-ol-0-0-10943]) showed that miR-135 can directly target adhesive plaque kinase, inhibit cell invasion and improve the sensitivity of cancer cells to chemotherapy. However, its specific mechanism in gastric cancer is still unclear, but it indicates that miR-23a and miR-135 are very likely to be involved in the occurrence, development, migration and metastasis of gastric cancer, and they are expected to become biological markers for the diagnosis of gastric cancer.

Our further investigation showed that the specificity of serum miR-23a in the diagnosis of gastric cancer was 67.95%, and the sensitivity was 87.50%; the specificity of serum miR-135 in the diagnosis of gastric cancer was 73.08%, and the sensitivity was 82.50%. These results suggest that both can be used as biological indicators with better sensitivity and specificity in the diagnosis of gastric cancer. At the end of the study, Pearson\'s correlation analysis was used to detect the correlation between the expression levels of miR-21 and miR-124 in serum of patients with gastric cancer and the expression levels of CA199 and CEA. It was found that miR-23a and miR-135 were positively correlated with the expression of CA199 and CEA, but the specific relationship was not explored in depth.

In this study, we compared the expression levels of miR-23a and miR-135 in the serum of patients with gastric cancer and normal controls, and explored the diagnostic value of the detection for gastric cancer. However, the efficacy and prognosis of these markers were not observed, thus, futher studies are still required.

In conclusion, miR-23a and miR-135 are highly expressed in gastric cancer patients and positively correlated with tumor markers. The detection of serum miR-23a and miR-135 has good sensitivity and specificity for the diagnosis of gastric cancer, and show potential as biomarkers for the diagnosis of gastric cancer.
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###### 

miR-23a, miR-135 and U6 primer sequences.

  Gene        Forward primer                  Reverse primer
  ----------- ------------------------------- --------------------------------
  *miR-23a*   5′-GGGGATCACATTGCCAGG-3′        5′-AGTGCGTGTCGTGGAGTC-3′
  *miR-135*   5′-ACAUAGGAAUAAAAAGCCAUAtt-3′   5′-CUAUGGCUUUUUAUUCCUAUGUGA-3′
  *U6*        5′-CTCGCTTCGGCAGCACA-3′         5′-AACGCTTCACGAATTTGCGT-3′

###### 

Comparison of general clinical data between the two groups (mean ± SD) \[n (%)\].

  Clinical factors            Control group (n=80)   Observation group (n=78)   t/χ^2^ value   P-value
  --------------------------- ---------------------- -------------------------- -------------- ---------
  BMI (kg/m^2^)               23.98±1.26             24.36±1.57                 1.68           0.095
  Heart rate (times/points)   105.61±11.53           105.79±11.66               0.098          0.922
  Urea nitrogen (mmol/l)      12.97±3.51             13.16±3.71                 0.331          0.741
  Age                         49.67±5.68             50.45±4.71                 0.938          0.35
  Tumor staging                                                                 0.239          0.625
    I+II                      39 (48.75)             35 (44.87)                                
    IIIa+IIIb                 41 (51.25)             43 (55.13)                                
  Borrmann classification                                                       0.534          0.465
    I+II                      37 (46.25)             32 (41.03)                                
    III+IV                    43 (53.75)             46 (58.97)                                
  Sex                                                                           0.143          0.378
    Male                      45 (56.25)             42 (53.85)                                
    Female                    35 (43.75)             36 (46.15)                                
  Drinking history                                                              0.38           0.617
    Yes                       51 (63.75)             47 (60.26)                                
    No                        29 (36.25)             31 (39.74)                                
  Degree of differentiation                                                     0.355          0.837
    Differentiated type       21 (26.25)             21 (26.92)                                
    Poorly differentiated     32 (40)                34 (43.59)                                
    Undifferentiated type     27 (33 75)             23 (29.49)                                
  Lymph node metastasis                                                         0.894          0.345
    Yes                       46 (57.5)              39 (50)                                   
    No                        34 (42.5)              39 (50)                                   
  Degree of differentiation                                                     0.261          0.61
    High school and below     11 (13.75)             13 (16.67)                                
    Over Senior High School   69 (86.25)             65 (83.33)                                
  History of smoking                                                            0.23           0.632
    No                        41 (51.25)             37 (47.44)                                
    Yes                       39 (48.75)             41 (52.56)                                

###### 

Comparison of serum miR-23a and miR-135 expression between the two groups (mean ± SD).

  Group         n    miR-23a      miR-135
  ------------- ---- ------------ -----------
  Observation   78   13.72±3.27   4.50±1.41
  Control       80   10.15±2.26   3.03±0.74
  t value       --   8.000        8.234
  P-value       --   \<0.001      \<0.001

###### 

Comparison of serum CA199 and CEA expression between the two groups (mean ± SD).

  Group         n    CA199 (ng/ml)   CEA (ng/ml)
  ------------- ---- --------------- -------------
  Observation   78   53.07±38.27     16.58±11.18
  Control       80   11.34±3.5         1.8±1.40
  t value       --   0.877           11.730
  P-value       --   \<0.001         \<0.001

CA199, carbohydrate antigen 199.

###### 

Diagnostic value of serum miR-23a and miR-135 in gastric cancer.

  Indicators   AUC     95% CI         Specificity (%)   Sensitivity (%)   Cut-off
  ------------ ------- -------------- ----------------- ----------------- ---------
  miR-23a      0.805   0.735--0.874   67.95             87.50             12.500
  miR-135      0.824   0.758--0.890   73.08             82.50               3.677

AUC, area under the curve.
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